Perioperative management and postoperative outcome of patients undergoing cytoreduction surgery with hyperthermic intraperitoneal chemotherapy ABSTRACT Background and Aims: The existence of cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) as a multidisciplinary approach for peritoneal cancer gains acceptance in many countries including Saudi Arabia. The aim of our study is to describe the perioperative management of patients who received CRS/HIPEC and to report their outcomes and complications at our tertiary centre. Methods: The preoperative characteristics, surgical variables, perioperative management, postoperative course and outcomes of 38 CRS/HIPEC patients were prospectively collected and analysed. Results: The mean age of our patients was 52 years, and 23 (60.5%) of them were females. The overall postoperative mortality was 42.1%. Univariate analyses of risk factors for deaths after HIPEC demonstrated that low preoperative (haemoglobin, potassium, calcium and albumin), high (tumour marker (CA19.9), intraoperative transfusion of human plasma protein (HPP), colloids, postoperative activated partial thromboplastin time and bacterial infections were potential risk factors for patient's mortality. Multivariate analysis of those variables demonstrated that low preoperative calcium [hazard ratio (HR) = 0.116; 95% confidence interval (CI) = 0.033-0.407; P = 0.001], high intraoperative HPP transfusion (HR = 1.004; 95% CI = 1.001-1.003; P = 0.012) and presence of postoperative bacterial infection (HR = 5.987; 95% CI = 1.009-35.54; P = 0.049) were independent predictors of patient's death. Seventy morbidities happened after HIPEC; only bacterial infection independently predicted postoperative mortality. Conclusion: To improve postoperative outcome of CRS/ HIPEC, optimisation of transfusion, temperature, electrolytes and using broader-spectrum prophylaxis to manage postoperative infections should be warranted.
INTRODUCTION
Previously, peritoneal carcinoma (PC) was considered a lethal disease with a poor prognosis and a high mortality rate. At the beginning, the procedure of cytoreduction surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) was not popular because of its high cost [1] and high rates of associated potentially life-threatening complications.
Recently, CRS and HIPEC offers a promising hope for selected subjects and provides a chance for improved survival or disease-free status to those patients. [2] [3] [4] Surgical complications are the commonest causes of morbidity in these complex procedures, with incidence ranging from 12% to 56%, including intestinal obstruction, bleeding and anastomotic leak. Moreover, other morbidities are frequent including pulmonary embolism, venous thrombosis, leukopenia, thrombocytopenia, hepatotoxicity or nephrotoxicity. [5] According to a Turkish report, patients with PC were at high risk of infections after CRS/HIPEC procedure. [6] A study from China revealed improved patient survival after CRS/HIPEC. [7] In Netherlands, they found that the disease-specific survival was 12.6 months in the control group; however, it achieved 22.2 months in HIPEC group (P = 0.028). The overall 5-year survival was 45% for HIPEC subjects. [8] A French group has analysed their patients' morbidity and mortality, [9] and then further performed multicenter study which revealed overall median survival around 34 months. [10] Kusamura et al. in Italy analysed the HIPEC major morbidity which was estimated to be 12%; however, their operative mortality rate was 0.9%. [11] HIPEC is considered a real challenge to the anaesthetist in regarding massive fluid shifts, temperature fluctuation, coagulation derangement and renal injury. The objective of our study is to describe our growing experience in the area of CRS/HIPEC with special reference to perioperative management and postoperative outcome.
METHODS
After obtaining the approval from the local institutional review board (IRB) ethical committee of King Abdullah Medical city, (IRB no. 15-186/dated 14-02-2012) registered at the National BioMedical Ethics Committee, King Abdulaziz City for Science and Technology (Registration no. H-02-K-001) in accordance with the Declaration of Helsinki, informed consent was obtained from all patients. We prospectively observed 38 cases with peritoneal malignancy as a sequelae of colorectal cancer who underwent surgical management with CRS and HIPEC.
Our study was performed in the duration between March 2012 and May 2015. The preoperative investigations included pathological characteristics of the tumour, haemoglobin (Hb) (g/dL), total leucocyte count (white blood cells) (× 10 9 /L) and platelets (PLT) (× 10 9 /L); coagulation profile; international normalised ratio (INR) levels, prothrombin time (PT) (s) and activated partial thromboplastin time (APTT) (s); renal function tests -blood urea nitrogen (mg/dL) and creatinine (CRE) (mg/dL); liver function tests -total bilirubin (mg/dL), aspartate transaminase (IU/L), alanine transaminase (IU/L), albumin (ALB) g/dL. Temperature and arterial blood gas parameters such as pH, HCO 3 , PaCO 2 , PaO 2 , and lactate were recorded.
All patients received thoracic epidural anaesthesia, as a standard of care, combined with general anaesthesia. Coagulation profile was usually optimised preoperatively. If it was difficult to be optimised, the epidural decision was cancelled and the patient was excluded from our study. Epidural anaesthesia was administered, using Touhy needle 16 gauge after anatomical identification of the space at the level of T8-T9 or T9-T10. A test dose of lidocaine 1% was given; 10-15 mL bolus dose of bupivacaine 0.5% was given followed by maintenance infusion in a range of 6-10 mL/h using a mixture of 0.25% bupivacaine and 2 µg fentanyl per mL. We maintained haemodynamic stability using titrated vasopressors. We have inserted invasive arterial blood pressure monitor usually under local anaesthesia however, central venous pressure monitoring was done after induction of general anaesthesia. At the time of this study, we did not have non-invasive cardiac output monitor in our institute. General anaesthesia induction was done using intravenous (IV) propofol 2-3 mg/kg, fentanyl 1-2 µg/kg and rocuronium 0.6-0.9 mg/kg, and the tracheal intubation was facilitated by regular endotracheal tube and confirmed by ETCO 2 and auscultation. FiO 2 was 100% at the start and then decreased to 50%-60%; controlled mechanical ventilation was done using volume-controlled ventilation or pressure-controlled ventilation. Maintenance was done by sevoflurane, rocuronium, fentanyl and paracetamol administration.
The surgical technique for HIPEC consumed 90 min for every patient as a standard protocol. [12] Insulin was not used prophylactically. If the patients received chemotherapy with dextrose-containing solution during HIPEC, insulin was given to prevent hyperglycaemia. [13] If blood glucose was above 11 mmol/L, the insulin regimen was initiated. Insulin intravenous (IV) infusion was administered at a range of 2-5 U/h, bolus dose (5-10 U) IV to control intraoperative blood glucose.
Maintenance of body temperature was done using an IV hotline, warming blanket, Bair Hugger ® blanket, at a maximum setting of 43°C together with blood/fluid warmers from the start of surgery till half an hour before starting HIPEC. Cooling of the patient was started using temperature control adult blanket (Stockert-Code 80939, Munchen, Germany). Other physical applications were used as cold fluid IV infusion and ice enclosed into insulating bags wrapped with cotton to avoid skin injury applied at the axillae and around head and neck. Patient's cooling was continued till 15 min before the end of the HIPEC procedure at which re-warming was started.
We usually performed a coagulation sample, which included complete blood count (CBC), PT, INR, APTT, and fibrinogen level, which was done in all patients before and after HIPEC. Our fluid management was done using optimal strategy with a combination of colloids and crystalloids. The target endpoints were sufficient urine output and maintaining the lactate level after using goal-directed fluid therapy. We aimed for at least 0.5 mL/kg/h urine output during CRS phase, 4 mL/kg/h during HIPEC and 1-2 mL/kg/h in post-HIPEC phase. The diuretic was used only after ensuing normovolaemia and maintenance of renal perfusion. [14, 15] Replacement of fluid loss was maintained with crystalloids (ringer lactate, normal saline), colloids (hydroxyethyl starch), human plasma protein (HPP), blood products, packed red blood corpuscles, fresh frozen plasma (FFP), PLTs and cryoprecipitate. The end point for fluid resuscitation was to restore haemodynamics, urine output and lactate level with upper limit of central venous pressure optimisation.
When preoperative serum ALB was below 2.5 g/dL, ALB administration was initiated. 5% ALB (100 mL) was infused every 12 h. During haemodynamic instability, we usually started with phenylephrine infusion for preliminary support and dopamine infusion to enhance renal perfusion. In case of persistent hypotension, we used noradrenaline infusion. [16] Prophylactic antimicrobial drugs in the form of 2 g cefazolin and 500 mg IV metronidazole were infused to patients, 30 min before surgery. Antibiotic was repeated every 6 h in case of long surgery, and the treatment was continued for 3 days thereafter.
After completion of the surgical procedures, all cases were transferred to the surgical intensive care unit (ICU). The epidural infusion was started at a rate of 4-6 mL/h of 0.1% bupivacaine, with 1 µg/mL fentanyl. The patients were ventilated overnight until they were eligible for weaning. The eligibility criteria for extubation were maintenance of normothermia, haemodynamic stability and the presence of adequate tidal volumes (6-8 mL/ kg/weight); as well as absence of the following signs of difficult weaning of mechanical ventilation: heart rate more than 140/min, systolic blood pressure <90 mmHg or >180 mmHg, respiratory rate more than 35/min, oxygen saturation less than 90% by pulse oximeter and symptoms such as agitation, anxiety, sweating and altered level of consciousness. Patients were provided with postoperative organ or vasopressor support with daily weight monitoring to prevent fluid overload.
Patient characteristics and routine investigations were expressed as means and standard deviations for continuous data. We used number and percentage for categorical one. Kaplan-Meier curves and log-rank tests were used to measure patient survival and progression-free survival. The risk factors for patient survival were measured by univariate followed by multivariate Cox's proportional hazard regression models with a 95% confidence interval. A statistically significant relationship was indicated by P value of less than 0.05. The analysis was done on Statistical Package for the Social Sciences (SPSS) software (IBM Inc., Armonk, NY, USA), version 21.
RESULTS
Patient characteristics and potential risk factors -In all, 38 patients who have undergone CRS/HIPEC procedures (March 2012-May 2015) were observed prospectively and included in this study. Age was 52 ± 13.7 years; the majority of patients were females [23 (60.5%)], American Society of Anaesthesiologists (ASA) III [23 (60.5%)] and the rest were ASA II. They had a body mass index of 26.9 ± 5.6 kg/m 2 . The anaesthesia time was 695 ± 207 min, and the surgical time was 615 ± 199 min. Details of patients' characteristics, laboratory, intraoperative parameters and risk potential variables for mortality are listed in Table 1 . Diabetes mellitus was diagnosed in 9 (23.7%) patients, hypertension in 6 (15.8%) patients, renal disease in 3 (7.9%) patients, liver disease in 2 (5.3%) patients and 1 patient (2.6%) had central nervous system involvement. Only four patients had raised CRE and one of them indicated renal dialysis for 2 months. During HIPEC, lactate level did not exceed 4 mmol/L. Table 2 .
A univariate Cox's proportional hazard regression model was used to examine potential risk factors for an association with patient mortality. Univariate analysis revealed 12 potential risk factors at a statistical level of P ≤ 0.05 [ Table 2 ]. Preoperative mean corpuscular Hb (MCH) (P = 0.03), low preoperative Hb (P = 0.043) and hematocrit (P = 0.021) were significantly associated with mortality. Preoperative tumour marker (CA19.9) was also associated with a poor survival outcome (P = 0.008). Regarding electrolytes, both low preoperative potassium and low preoperative calcium were potential risk factors for mortality (P = 0.005 and P = 0.003, respectively). Preoperative nutrition markers, low preoperative ALB and low preoperative total protein were potential risk factors for patient's mortality (P = 0.043 and P = 0.018, respectively).
Excessive intraoperative transfusion for HPP and colloids, hydroxyethyl starch, were significant risk factors for mortality (P = 0.049 and P = 0.002, respectively). Postoperative parameters, APTT with heparin(s) and bacterial and fungal infections were significant risk factors for mortality (P = 0.035 and P = 0.014, respectively) [ Table 2 ]. Those potential predictors were further examined with multivariate analysis; lower preoperative calcium [hazard ratio (HR) = 0.116; 95% confidence interval (CI) = 0.033-0.407, P = 0.001], higher intraoperative HPP transfusion volume (HR = 1.004; 95% CI = 1.001-1.003, P = 0.012) and higher postoperative bacterial infection (HR = 5.987, 95% CI = 1.009-35.54, P = 0.049) were independent risk factors for the patients' overall survival [ Most patients were extubated on the second postoperative day, except 12 patients who needed extended periods of ventilation. The average ventilation period was 2.9 ± 3.09 (1-10) days. Postoperative pulmonary complications were mostly due to pneumonia (seven cases). Three cases were caused by acute lung injury due to systemic inflammatory response and fluid overload. One case was attributed to aspiration; one case was due to pulmonary embolism. The median length of ICU stay was 5 [9.5 ± 25.7 (2-150)] days and the overall hospital stay was 23 [37.6 ± 38.6 (10-177)] days, as shown in Table 1 . Patients were followed up for a mean period of 787.8 ± 799.7 (62-1752) postoperative days. Hospital readmission with a mean of 2.9 ± 3.6 (0-14)/day was indicated in these patients.
DISCUSSION
In this study, we described the perioperative management and outcome of consecutive patients undergoing combined CRS/HIPEC at our institution. To our knowledge, the perioperative outcomes of this procedure have not been robustly reported in previous literature.
Haemodynamic stability was achieved either through optimising cardiac output with adequate intravascular volume or by augmenting the systemic vascular resistance with vasopressor drugs as described previously. [15] Diligent fluid management of these patients was a real challenge for the anaesthetist due to the optimal end-organ perfusion of vital organs. [17] We tried using optimal strategy to maintain euvolaemia, avoid volume overload and tissue oedema especially of the surgical wound. In our institute, ALB administration was guided by preoperative serum level. [18] Several studies have reported that hypoalbuminaemia has been associated with increased morbidity after HIPEC. [15, 18, 19] In addition, ALB replacement can benefit patients who were exposed to extensive debulking and large volume of ascites drainage. [20] Moreover, Bernardi et al. [21] reported that replacement of ascites with ALB reduced morbidity and death in patients with chronic liver disease.
Transfusion of FFP was guided by coagulation profiles, and transfusion of packed red blood cells was guided by clinical signs and laboratory investigations. We have shown higher colloid transfusion as an independent risk factor for patients' mortality as previously reported. [16] The surgical procedure for CRS/HIPEC was done by surgical excision of the tumour and application of a heated and concentrated chemotherapeutic agent in the peritoneal cavity. HIPEC achieves high peritoneal concentrations with limited systemic absorption. Yet, renal dysfunction, coagulation derangements and electrolyte disturbances can happen as HIPEC squeal that demands close collaboration among surgeons, anaesthesiologists, perfusionists and nurses. [14, 22] The mechanism of heated chemotherapeutic drugs was through inhibition of DNA repair, augmentation of heat shock proteins and denaturation of proteins. Hyperthermia not only precipitates direct cytotoxic impact but also triggers immune-mediated damage to cancer cells and exposes those sick patients to both coagulation and renal dysfunctions. Therefore, perfect temperature management is crucial to reduce morbidity and mortality of those subjects by maintainace of normothermia. The satisfactory results of CRS/HIPEC gave new hope for patients with PC, who used to be considered for poor prognosis. However, a higher rate of morbidities especially infectious complication is still considered a major cause of death, prolonged hospital stay and overall increased healthcare costs. [1, 5] Our study showed that the overall mortality rate was 42.1% that was comparable to a French multicentre study which was done by Glehen et al. [10] in which the 3-year survival rate was 41% for patients with colorectal carcinoma and another Netherlands multi-institutional study [5] in which the 3-year survival rate was 46% for the same cancer. On the other hand, it was considered high compared with others who reported a mortality rate of 0%-12%. [9, 11] This higher level could be attributed to the fact that the majority of our patients had several previous surgical and chemotherapeutic interventions and their PC is due to a colorectal carcinoma that had the lower survival rate. [5, 10] Furthermore, HIPEC is a recently introduced surgical technique in our institute.
Our data demonstrated several risk factors which were associated with mortality including a higher preoperative MCH, a large intraoperative transfusion of plasma protein and colloids and higher postoperative PTT.
Lower preoperative calcium, higher intraoperative plasma protein and more postoperative infection independently predicted overall survival. We found decreased serum calcium and potassium were potential risks for mortality after HIPEC, and similar results were described previously. [23] We observed that tumour marker, CA19.9, was related to reducing patient's survival in accordance with another study. [24] In addition, Saxena et al. [24] found that anaemia was associated with prolonged ICU stay and severe morbidity. We recommend using appropriate blood conservation strategies in HIPEC patients; ultimately, blood loss is expected.
In our cohort, the poor medical condition of non-survivors demonstrated by higher carcinogenic markers and high ASA score, increased the need for colloid replacement and postoperative infectious complications similar to what was found in other reports. [9, 24, 25] Pain management for CRS/HIPEC is essential for patient's comfort and postoperative pulmonary function optimisation. Moreover, adequate analgesia enables these patients to participate in early pulmonary physiotherapy to prevent postoperative atelectasis. Several centres [15, 26] used thoracic epidurals preoperatively for intraoperative anaesthetic management and postoperative pain control, similar to our protocol. Epidurals can reduce postoperative opioid requirements and prevent ileus via diminished sympathetic tone. HIPEC patients often receive thromboprophylaxis to prevent deep vein thrombosis In addition, these patients may develop coagulopathy after this complex procedure. Impairment of coagulation was attributed to the large volume shift and protein loss with high fluid turnover and possibly the hyperthermic chemotherapy. Since there are a lot of fluctuations in temperature, monitoring of PLT function may be beneficial. Full coagulation profile is meticulously observed. We followed the American Society of Regional Anaesthesia and Pain Medicine guidelines in safety timing during insertion and removal of the epidural catheter. [27] The complexity of CRS/HIPEC procedures considered recently introduced in our centre. Also, the poor medical condition of non-survivors in addition to the impairment of the host defence mechanism may be reasons for associated infections. [5, 9, 24, 25, 28] The small number of patients is one of the limitations of our study; also, it was difficult to identify recurrence in patients, and there were no major changes in the prophylactic or empirical drugs used in the study period. Our cumulative data showed that although we do not have intraoperative, 60-day mortality, we still have high mortality, morbidity rates and common incidence of infections.
CONCLUSION
Morbidity and mortality rates can be minimised not only by increasing the experience of the surgeons but also by developing a selective team to improve the overall patient outcomes. We recommend optimisation of preoperative malnutrition, anaemia, electrolytes and coagulation derangements. An antimicrobial strategy should be continually re-assessed to reduce the emergence of antimicrobial resistance.
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